When lambs 1-3 months of age ingested 250 or 500 m1 of milk by sucking vigorously from a teat, there was a rapid increase in their plasma insulin concentration to a maximum 5 min after starting to suck. At the same time plasma growth hormone (GH) levels declined rapidly. Changes of comparable magnitude were also seen when lambs drank milk diluted with water or vigorously ate chopped lucerne hay, when adult wether sheep ate dry feed rapidly, and when an adult wether fitted with an oesophageal fistula was 'sham-fed'. The changes were not seen when sheep, although offered food, did not eat. These responses were not closely related to changes in plasma glucose or ",-amino nitrogen concentrations and they evidently involve reflex nervous mechanisms.
Introduction
Earlier studies (Manns and Boda 1967) indicate that the insulin secretory response of the pancreatic fJ-cells to stimulation by glucose is greater in lambs than in adult sheep. This change in responsiveness appears to be related to the change in the nature of carbohydrate digestion that occurs following the development of a functional forestomach. However, the responses of plasma insulin or other hormones to food ingestion in lambs and adult sheep have not been compared.
Plasma insulin concentrations increase and growth hormone (GH) concentrations decrease in adult sheep after feeding (Trenkle 1970; Wallace and Bassett 1970; Bassett 1972; Lofgren and Warner 1972) . Bassett et al. (1971) have shown that plasma insulin concentrations in sheep fed at 3-h intervals are positively related to the intake of digestible nutrients but are not closely related to plasma glucose concentrations. The effects of suckling on plasma insulin and GH levels in lambs have not been reported. The plasma insulin and GH levels of milk-fed lambs were therefore studied. To determine whether rapid changes in hormone levels similar to those seen in the lambs also occurred in adult sheep observations were also made on adult sheep accustomed to eating their daily ration quickly.
Materials and Methods

Animals
Two 30-day-old, five 6O-day-old and two 90-day-old lambs were used in the studies. They were either Merino or Merino x Suffolk crossbreds. They had all been removed from their mothers and given 250 ml or more goat's milk by bottle at least three times daily for several weeks before any studies were made. The older lambs were also offered chopped lucerne hay ad libitum. The adult sheep used were 12 Border Leicester x Merino wethers (body weight 54·0 ± 5· 0 kg) and two Merino wethers fitted with oesophageal fistulae. They were given 800 g daily of a 1 : 1 mixture of chopped lucerne hay and oat grain which was usually eaten within 15-30 min of being offered. To examine the effects of milk ingestion five 6O-day-old lambs were each given 500 ml of a reconstituted whole milk (20 g dry powder/loo ml) by bottle at intervals of 3 h. Two younger lambs (30 days old) were given 250 ml fresh goat's milk at 3-h intervals. Two older lambs (90 days of age) were also each given 500 ml goat's milk, but then 3 h later instead of a normal feed they were offered 250 ml diluted goat's milk (one part milk: four parts water). One hour after this they were offered 500 g chopped lucerne hay. All the lambs were fasted overnight before the observations were begun. Blood samples were obtained from the lambs before feeding and at frequent intervals afterwards via a catheter placed in the left femoral artery under local anaesthesia at least 1 day before the experiment.
To examine the early post-feeding changes in insulin and GH in adult sheep, blood samples were obtained by jugular venipuncture from six wethers before and at frequent intervals during the first hour after offering them their daily ration of 800 g of food. Control samples were obtained from six similar wethers in adjacent pens. They were not fed until observations were completed.
To determine whether neural mechanisms were involved in the early changes, an attempt was made to 'sham-feed' for 20 min two wethers fitted with oesophageal fistulae. A plug was placed in the oesophagus below the fistula 1 h before feeding so that when food was offered saliva and any food ingested were diverted out through the fistula into a plastic container. One hour after the period of sham-feeding the plug was removed from the oesophagus and the fistula closed. The animals were then allowed to eat normally for a period of 20 min. Blood samples were obtained at frequent intervals via a catheter in the jugular vein. Blood samples were chilled in ice-cold water until centrifuged at 4°C to separate plasma. Heparin was used as an anticoagulant.
Analytical
Glucose, volatile fatty acids (VFA) and plasma concentrations of insulin and GH were determined as previously described (Bassett 1972) . Plasma ex-amino nitrogen levels were determined by the method of Lee and Takahashi (1966) . Since plasma insulin and GH concentrations do not form a normal distribution whereas their logarithms do, concentrations of insulin and GH were converted to logarithms before calculation of means and standard errors (Bassett 1971) .
Results
Effects of Milk Feeding on Plasma Insulin and GH Concentrations in Lambs
When lambs consumed 250 or 500 ml of milk within 2-3 min by vigorous sucking from a bottle there were very rapid changes in their plasma insulin and GH concentrations (Figs 1-3) . Changes in plasma glucose and cx-amino nitrogen concentrations also occurred, but these were less dramatic. The changes after milk feeding followed a similar pattern in lambs 1, 2 or 3 months of age. Insulin concentrations in plasma increased very rapidly to a maximum 5 min after drinking the milk and then declined briefly before increasing again to a second peak 1-2 h after feeding. By 3 h after feeding, insulin had declined again to values comparable to those seen before feeding. A further milk feed given at this time resulted in a similar pattern of changes in plasma insulin, but the time scale was more compressed. There was virtually no decline after the initial increase and the second major peak occurred earlier than it did following the first feed (Figs I and 2). In the oldest lambs studied (Fig. 3) , feeding of diluted milk was followed by an initial increase in insulin of similar magnitude to that seen after consumption of undiluted milk, but 
Time (h) Fig. 3 . Effect of ingestion of goat's milk or chopped lucerne on plasma concentrations of insulin (a) and growth hormone (b) in two lambs (90 and 93 days of age). Milk was sucked from a rubber teat. The smaller volume of milk was diluted to 250 ml with water. after this initial peak the level continued to decline instead of increasing further 30-60 min after the feed. A similar transient increase in insulin preceding the steady postfeeding increase was also seen in these lambs when they were offered 500 g of chopped lucerne.
The changes in GH levels differed from those in insulin. During the first 5-10 min after milk ingestion GH levels decreased to low values. Following this, however, there was a rapid increase to a peak level 30 min after feeding and high levels were maintained for most of the period until the next feed was given (Figs 2 and 3b) . A subsequent feed was also followed by a rapid decrease in GH and a later return to high levels. Lucerne feeding in the two oldest lambs was followed by a transient increase in GH, but high levels were not maintained (Fig. 3) . There were steady increases in plasma glucose during the first 30 min after the ingestion of milk and levels remained high for 1· 5-2 h before declining again (Figs I, 2 and 4). There were no consistent changes in plasma IX-amino nitrogen levels, although there was some tendency for concentrations to increase during the first hour after feeding. In the oldest lambs plasma VF A levels were also measured. Milk feeding resulted in only minor changes, but the ingestion of lucerne was followed by a steady increase in the plasma VF A concentration (Fig. 4) .
Early Effects of Feeding on Plasma Insulin and GH Levels in Adult Sheep
When adult wether sheep were offered 800 g of food, the changes in their plasma insulin and GH levels (Fig. 5) were similar to those seen in lambs. Rapid ingestion of food did not result in any significant changes in levels of glucose or O(-amino nitrogen in plasma when the values were compared with those in unfed control sheep. Within the first 5 min of offering food there was a rapid increase in insulin and an equally rapid decrease in plasma GH concentration. The insulin concentration had returned to prefeeding values within 30 min but GH levels were still low at this time (Fig. 5) . None of these changes were seen in similar sheep which were not fed. The later changes in plasma insulin and GH levels in sheep fed this diet are reported in the following paper (Bassett 1974) . Changes in plasma insulin and GH levels were also studied during sham-feeding in two sheep fitted with oesophageal fistulae. Only one of the. animals ate readily during the 20 min period of sham-feeding. On one occasion it ate 450 g and on a second occasion it ate 380 g of food. In this animal there was a prompt increase in the plasma insulin and a decline in GH levels on both occasions. Similar changes were seen in this animal during normal feeding when it consumed a similar amount of food (Fig. 6) . In the animal which failed to eat during sham-feeding no comparable changes were seen; there were rapid increases in its plasma insulin and GH levels following normal feeding.
Discussion
The observations reported here show that the changes in plasma metabolite and hormone levels in lambs following milk ingestion differ in a number of respects from those observed in adult sheep following food ingestion (Wallace and Bassett 1970; Bassett 1972 ). The most striking finding from these studies was that very rapid responses of both insulin and GH to food ingestion could be demonstrated in adult sheep as well as in lambs. A recent study of the relation between food intake and plasma insulin levels by Lofgren and Warner (1972) also demonstrated a rapid increase in insulin levels in adult sheep within the first 30 min after feeding. However, the apparent peak in insulin levels in that study occurred considerably later than that observed in the present study.
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-! The timing of the initial peak in insulin concentration and the associated trough in GH concentration in the present study suggest the involvement of neural reflex pathways in their regulation. These changes were rarely accompanied by changes in metabolite concentrations, so metabolites seem unlikely to be involved in their regulation. Rapid eating of dry feed is known to cause large cardiovascular changes in sheep by what are thought to be reflex mechanisms (Blair-West and Brook 1969), but control of insulin or GH secretion in sheep by neural reflex mechanisms has not been reported. The finding that these changes in insulin and GH levels still occur in lambs, despite marked dilution of the milk, and during sham-feeding in adult sheep lend support to the belief that they involve reflex pathways.
Reflex release of insulin has been observed in man (Goldfine et al. 1970; ParraCovarrubias et al. 1971 ) and it has also been shown that insulin secretion can be induced in rats by neural conditioning procedures (Woods et al. 1972) . Acetylcholine and cholinergic drugs increase insulin release in vitro (Malaisse et al. 1967 ) and stimulation of the parasympathetic vagus increases insulin secretion (Daniel and Henderson 1967; Frohman et al. 1967; Kaneto et al. 1967; Porte et al. 1973) . However, while it is evident from these studies that neural reflex pathways can stimulate insulin release directly, it is possible that the responses observed after feeding may be indirect and involve neural stimulation of gastrointestinal hormone release as has been implicated in man (Chisholm et al. 1969) .
The reflex pathways by which vigorous eating might inhibit GH secretion are less certain. They presumably involve sympathetic or parasympathetic pathways regulating release from the hypothalamus of growth hormone releasing or inhibitory factors or both. The neural regulation of pituitary GH release is still uncertain, as considerable differences between species appear to exist. Adrenergic agents all inhibit GH release in sheep (Hertelendy et al. 1969; Wallace and Bassett 1970; Basset 1971) and their inhibitory effect is not overcome by either ct-or ,B-adrenergic blockade (Hertelendy et al. 1970) . Central inhibitory adrenergic mechanisms could be involved in the reflex pathway stimulated by vigorous suckling in lambs or by rapid eating of dry feed in older sheep, but in the absence of information about the effect of other monoamines or cholinergic drugs on GH release in sheep this must remain a matter for speculation.
Although the magnitude and duration of these reflexly induced changes in plasma insulin and GH do not appear great, they cannot be dismissed as being of little significance to the subsequent hormone secretory responses to feeding. Kraegen et al. (1970) have shown that secretin can cause a prolonged potentiation of the insulin secretory response to a subsequent glycaemic stimulus in addition to its own small direct effect on insulin release. Also, Hertelendy et al. (1969) have observed large increases in plasma GH following the cessation of adrenaline infusions in sheep. While effects of adrenergic or cholinergic drugs on the magnitude of insulin or GH secretory responses to subsequent stimuli do not appear to have been sought, they cannot be ruled out. It is distinctly possible that these early reflex changes in insulin and GH release caused by food ingestion might determine the magnitude of subsequent responses to feeding. It is also possible that the frequent reinforcement of these reflex pathways in naturally suckled lambs may make them of major significance in the regulation of plasma insulin and GH levels in such lambs. However, the present studies provide no evidence on these points.
The changes in plasma insulin levels in the lambs after the initial release caused by milk ingestion were closely associated with the changes in glucose levels that also occurred. An association with plasma ct-amino nitrogen levels was less evident. However, it is likely that the magnitude of the insulin response to milk ingestion is not determined solely by the change in plasma glucose but is also influenced by increases after feeding in the secretion of gastrointestinal hormones such as secretin, pancreozymin and other less-well-defined factors. The importance of these in other species is well documented Chisholm et al. 1969; Dupre et al. 1969; Kraegen et al. 1970 ) and studies on adult sheep suggest they are also important in this species .
Despite the similarity of the initial changes in plasma GH concentrations in lambs and adult sheep following food ingestion, the subsequent increase to very high levels 30-60 min after milk ingestion contrasts sharply with the low levels that are maintained for several hours following ingestion of dry feed by adult sheep (Wallace and Bassett 1970; Bassett 1972) . A negative correlation between plasma insulin and GH concentrations has been observed in adult sheep on a range of diets fed at near ad libitum ) and changes in the two hormones following ingestion of dry feed by adult sheep are consistent with the existence of such an inverse relation (Bassett 1972) . This is clearly not so in the lambs, though the cause of this difference is not apparent. The mechanisms involved in regulation of GH release are still imperfectly understood, despite considerable attention. The inverse correlation between insulin and GH in adult sheep supports the view proposed by Roth et al. (1963) that glucose availability is involved in regulation of GH release, but such a mechanism seems unlikely to be involved in the changes in GH following milk ingestion in lambs. High concentrations of free fatty acids (FFA) have also been shown to suppress the release of GH (Blackard et al. 1969) . Although plasma FFA concentrations were not measured in these studies, milk ingestion would be expected to decrease plasma FFA levels and might therefore permit a rapid increase in GH secretion. However, feeding also results in a marked decline in plasma FF A levels in adult sheep (Bassett 1974 ), yet there is no rapid increase in the plasma GH concentration in adult sheep after feeding. On the other hand, consumption of dry feed by sheep is followed by marked increases in VF A levels in plasma and it is possible that VFA, like FFA, may suppress pituitary GH release. Hertelendy and Kipnis (1973) have recently shown that acetate and propionate can act in this way, so it is possible that the different changes in GH following ingestion of milk or dry food are 'related to the differences in plasma VF A levels.
While the role of GH and the regulation of its secretion remain uncertain, the present study indicates that there are much larger fluctuations in the circulating concentrations of GH in lambs in relation to the feed-fast cycle than have been observed in adult sheep. Furthermore, the substantially different relationship between insulin and GH in milk-fed lambs from that in adult sheep ) could well alter the combined metabolic effects of these two substances. However, further studies are necessary to determine the significance of these differences between lambs and adult sheep.
